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An example. of a telemetry monitoring and display application using two Macintosh computers and a visual
programming language (National Instruments’ 1.abVll{W) will bc discussed. Onc. crrmputcr was LIscd as the tclcnmtry  SOUICC
and the othc. r as (he analyzer. The tclcn]ctry  strcal~l was cInul:ited using interface boards,  lJscr interface panels and programs
will be prcscntcd, The programs will also be discussc.ci  as (o case. of creation .-In<]  !fjo(lif~ca[io]l.  l’hc purl>osc of this paper is to
strew how visual-based programming can be used for advanccci ciata anaiysis applications such as tcicmctry  analysis and
display, as well as for emulation of a tcicmctry stream.

This application was crcatcd m the result of parallci dcvclopmcn[ bctwccn a visuai progyammirrg  lcan~ and a text-
bascd (’~’)  programming team, Although not a scientific s[u(iy,  it was a fair conlparisorr  between ciiffcrcnt dcvciopmcnt
I]lc.thods  and tools. With approximately eight weeks  of fumiirrg  over a period of three mon(hs, the visual programming cfforl
was significantly more advanced, having gone wcii beyond the originrri  rc(ioircmcn(s  than the ‘C’ dcvciopmcnt  effort, wtlich
dici not complete the original rcc]uircmcnts.  I’his application verified that using visuai programming can significantly rcciucc
software development time. As a result of this initial effort, a(i(iition ai folio w-on work was awarde(i to the visual
progranlming tcmn.

l’hc Mcasurcmcnt  Technology Center has consistently achic.vcci a rcciuc(ion in software/systcn]  dcvciopmcnt time by
at least a factor of four, anti up to an order of magnitude, comparc(i  to text-hasc(i sof(warc  tools taiiorc(i specifically (o tile test
an{i  mcasurc]ncnt  cnvironlncnt,  l’hc most (irarl]a(ic  gains in pro(iuctivity arc attributcci to the communication among thC
customer, dcvciopcr, an(i computer thrrt arc facilitateci by the visual syn[ax  of the tools.

IIlfrodudion

‘I”hc Mcasurcmcn[  Technology Center  (M1’~) evaluates ccrmmcrcial  (ia[a acquisition an(i anaiysis hmiwarc  and
software prociucts for the JI)I, engineering and scientific cornrnunity.1  ‘1’hc  M1’C specifically con fi~,ures an(i delivers turn-key
nlcasurcrncnt  sysle.rns  that include software, user intc,rfacc, sensors (e.g., thcr InocoLIpics, pressure transducers) ami signai
conditioning, plLIs  ciata accjuisi(ion, anaiysis, ciispiay,  simulation and control capabili[ics.1~

Visual programming tools arc frequently usc(i to simplify cicvcioprncnt (cornparcci  to text-basc(i  programming) of
such systcrns.  linploylncnt  of visual programming tools timt con(rol off-the-shcif intcrfacc cards has been Ihc most important
factor in reducing time and cost of configuring these systems. LJndcrstar~(iirlS the cxpcrimcntcr’s ncc(is  is aiso critical as is aa
iotcractivc approach to user intcrfacc construction anti training of the operators.

‘1’hc M’1’~ configures mcasurcmcnt  systems based aroun(i  lt!M-c{)r]lI>:~til>lc an(i Appic Macintosh personal
computers, plus Ilcwict(-Packard  and Sun Microsystems workstations. l’he MTC consistently achicvcs  a reciuction in
software/systcnl dcvciopmcn[  time. by at ic.ast a faclor of four, anti LIj I [o an or(icr of magnitude, compared to text-based
software, tcm]s tailored specifically to our er]virc)rl]]]c[it,4,~.6  ottlcrs  in inciustry  arc rcixrrling  sirniiar’ incrcascs in Iwo[iuctivity
ami rc(iuction in software/sys(crn development time ami c(mt.7.~,9

I’hc M’I’C was approached to crcatc a tcicrllc(ry  anaiyzcr, using (i~c Macin(osh nn(i 1,abVll;W. A silniiar task was
~,ivcn 10 another group using text-based coding (in ‘C’) on a Sun workstation. IIo[i] groups were given equal time and fun(iing
]CVCIS. Aithough not a scientific study, it was a fair cOII)l)aI ison  bctwccn (ii flcrcnt dcvclrrprncnt  l])cthocis IIII(i toOls. l%c
purpose was to dctcrminc  if the 1.abVIEW  software cr~vironmcnt  was up to ti]c task of [ciclnctr y stream (ic~-or~~llltl(:itio[~  an(i
ciccociing un(i to verify acivantages  of visual comparc(i  to tcxl-ha<c(i  l>rogl:\rl]l]lirlp.
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The most important advantage is the increase in productivity, which can bc attributed to tbc improved
cc~l]~l]~lll]icatior~ anmng the customer, developer, and col]lputer that is facilitated by the visual syntax of the tools. LJSC of
visual programming encourages n much nlore interactive process bctwcca  USC[ and programmer. (oding usually is
in~plcmcntc(l  intro-actively with the customer and dcvclopcr togctbcr at the computer. l’his reduces the ti]]lc to produce both
code and the number of itcr~itions  to satisfy the user, Modifications can be incorporated mucli easier than using text-based
code.

An additional advantage is the ability to collapse code using n}any icons to form) a single icon, which allows
applications to be created which arc both custom and n~oduka.  l’hcsc advantages add up to an environment tt]at can reduce
soflwarc  dcvclopmcnt  by at least a factor of four and Up to :in order of nlognitudc. l’hc cos[s  for systcm configuration,
documentation, training and opcmting can also be substantially rcduccd.

‘f’he real capability of visual programming, however, is the ability to go from conception to silnolation  of
componc.nts, sub-systems and systems, to testing of actual hardware and control functions using a single  soflwatc
environment (on multiple platforms). Modules or icons [hat rcprcscnt sinlrrla[ims of ins[rurncrr[s,  processes or algorithms can
bc easily replaced with (he actual instruments or components when they be.cornc available. That potential was demonstrated
in this aplJlication, as first the tclcmctry gcncra(or  and analyzer were simulated in one computer, then wctc split to emulate
the actual tclcrnctry  stream.

GaIilco  Mission ‘1’clemctry Andyzcr

l’hc MT(2 is currently supporting the redesign of the co]npu[cr  data sys[crn  for NASA’s (ialilco nlission to .)opitcr.
I ,abVlliW is bc.ing used to assist in the gwond test of the fti:i]l software rcclcsign as one of a series of tools used to configure
rncasor-crncnt  systcrns.  ro

“1’wo  Macintosh computers were used, a Mac llfx and a Quadra 950. 3’hc Mac llfx  was used to generate the
telemetry stream using an interface board’s digital to analog cbarlncls.  l’hc Quadra 950 functioned as the telemetry analyzer
using the analog to digital converter on a similar boald to capture a data channel trigg,ercd by a clock channel.

l“he. original requirement and expectation for the task was to usc one computer for simulation and analysis of the
tclcrnclry  channel (using global variables) but bccausc that rcquircmcnt  was met long before the deadline, the actual
generation of the telemetry channel was accornplisbccl.  ‘l’he separation of the generator and analymr  into two separate
computer systems was performed to approximate nmc closely the real environmcn[ and to allow more precise nlcasurcmcnt
of performance parwnetcrs, The telemetry data stream consists of a two-line serial interface (data ancl clock). Although it only
needed to operate at 200 bits per second, it was tested at up to 5000 bits per second to n]casure  the ~PLJ nmr.gin.

I’clrnwtry Grncrator

There was no actual requirement for a tclcnlctry generator, only an analyzer. ‘1’bc generator was crcatcd to test the
analymr.  J;igure 1 is the l’elcrnctt-y  Generator Sc.qucncc. l’hc source of the data is ~>rc-clctcrt]~irlcci ‘I’rcdict Tables’ containing
random bytes. l~or each instrument there is a separate table. ~’bcsc tables arc s[orcd in both the generator and the analyzer
computers. l’hc overall approach is that each instrunlcn[  scads packets of up to 220 bytes at random intervals of tilne and
cvcntoally  these packets arc picked up by the analyzer and verified in its l’rcdic(  Tables. l’ackcts that are received out of
sequence or arc not present in the Predict l’ablcs will register as errors. It is a verification of tbc. tra;lslltitling and receiving
process, not the clata itself.

I“hc entire tclcrnctry schcn~c can be thought of as having an indrpcndcnt  channel for each instrulncnt. I’ackets  from
an instrument arc not actually sent until enough arc rcccivcci to fill a segment of 223 bytes (inclrr(iing some overhead). A
Reed-Solon~on error-correcting code. of 32 bytes is appended to each segmcat  and when eight scgrllcnts  arc assembled (not
necessarily from the same instrumc.nt), an eight-byte PN (pseudo-nurabcr) Sync wor(i is attached. I’bc bytes arc scat starting
with the PN Sync word and continlrc  through the first by[c of each scgmcat  followed by successive bytes of each scgmcnl.
IIcforc bcir~g scat over the tclcrnctry channel, the stream is run through a convolution algorithln that provides additional
mor-correcting capabilities but ciooblcs  the nulnber  of bi(s.
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liigurc 3. Telemetry Gcncra[Or  PIogI an] (IixaIllplc of 1 .abV1liW  l)iag[’aln)

I’he ill]I>lclt]e]~t:ltio]~  of Lhc various algorithn]s  (e.g., Rwd-SOIOn~On  and R)nvoltltiotl  Ckxlcrs) has traditionally been
done in hardware using, shift-registers, cx-OR gates and countcts.

I’hc close analosy  of 1 .abVll LW’s icons to actual circuitry

enabled easy and straight forward in~plcn~cnta~ion  of otherwise ccmlplcx coding.
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}Jigure  2 is the user inlcrfacc (I ,abV1l;W  Iroat Panel) for the telcll~ctly  gcnctaIot-. I’hc range of packet sires  ancl time
intervals can bc spccificd for each instrun]cn[  as WCII  as the da(a  mtc.  As each lKIckct is gcncra[cd,  it is displayed on the stlip
chart as a dot. For example, iastrurncnt (lns[r 11>) = () attcn)Jm to ou[pu[  a packet of bctwccn 2 and 4 bytes every 1/6 of a
scccrnd (1 tick = 1/60 scccrnd),  whi]c II) = 1 a[[cn~p[s  to output packc(s  containing hctwccn 20 and 132 bytes every 1 to 2
seconds. ‘f ’hcsc rates arc rrcijus(cd by sirnp]y  clicking ot} (hr up or down arlows, bul arc lin]ilcd by the IIil I<atc scl on the front
panel. 1’WO types of errors can also hc crcatcd to test Ihc (diagnostic capabilities of [hc analyzer. I’hcy  arc it]itiatcd by clicking
the buttons.

l;igurc 3 is [hc ac[ual program (1.abVI}iW  dia~:ram)  for the telcrrtclry  .gcncra[or. II is responsible for Icmporarily
storiap, the packets fron~  each instrun]cnl until cnoug,h arc. available for a scgtncnt, at which tilnc the ‘Send Segment’ VI
(Virtual lnstrumcnt)  is cxccutcd.  ‘l”his VI eventually calls the ‘(kilt Reed Solomon’ VI shown in l;igurcs  4 & 5 that
in]plcn~cats all the circuitry shown in I;igurc 6, but in a more genera] sense, irt t}~at the shift I-cgis[crs  arc JJUI into a loop. l’hc
cocff~cicats  and 1{S ‘I”ablc arc pcrmancnt]y  store’d as default values on lhc f[ont  pane]. Notice how compacl the block ciitrgrarn

};igurc 4. ~a]culatc  ]<cc(i-solonlt)n I;ronl  l’ancl
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)tc: All data lines arc byte-wide L - -
-  OUlpul

}{igurc  6. Reed-SolonloI\ C:ircui[ry

After a crxnplctc telcn~c(ry  franlc is asscn]h]cd,  the bits arc passed through a convolution coder that doubles the
rrurnbcr  of hits. The ‘convolutional and dcconvo]utional  circuitry is shown as l~i,gurcs 7 and 8. ‘l’he diagratn in Figure 9
irnplcn]cnts the hardware circuitry shown in Iiigure 7. q’hc bits arc c.vcmLIally doubled again (so that each bit is present for
two clock tinlcs) and used to control (WO voltage levels (~cro  anti five volts) on one channel of the double-buffered 1)/A
converter. The oti]cr channel generates an alternating bi[ pattern to form (i~c clock.
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Note: All da!a lines are bit-wide @)= Exclusive OR

I:igurc  7. Convolutional ~odct’ circuitry
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I(igurc  8. t20nvolutirrnai  lhxodcr ~ircuitry
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l~iguw 9. l.abV1liW Dkrgram  of Convolution Coder Fi~urc  10. 1.abVlllW l)iagt arn of Convolution Dccodcr

Telemetry Analyzer

1’IIc I“clcmetry  Armlyzcr  uscs  the double-brrffcrccl analog  input with samplcs [akcn on each falling edge of the clock.
Each analog sanlplc is in]nlcdia(c]y  convcrlcd to a Boolean by a simple comparison (CSL  and passed through the convolution
dccodcr shown in }’igurc 10 that in)plcmcnk.  the circuitry shown in I:igure 8. Higher level VI’s can request any number of bits
from the convolutional dccodcr, but norlnally only half the bits arc used. l’hc bits COIIIC  out in two separate arlays but only
onc of thcm is significant. l’hc correct onc is the onc that contains the I’N Sync word so the Get Sync VI shown in I(igurc 11
must search for the I’N Sync word in both arrays. If it finds i[ in the second array,  it rcacls and discards onc mor-c  bit so that
the remainder of the fram;  is read from the first array.
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The remainder of the Tclcmctry Analymr  hrrsically  pcrfcmns the same functions that the Cicncrrrtcm performs but in
the opposite order. l’hc san~c Reed Solomon calculations are done on each scgnwnt bat instead of correcti ng errors they arc
sinlply flagged on (he front panel (Figrrrc 12). l“hc header in forlnation from the packets is then stripped away and the data
cornparcrl  to the Predict Tables and appropriate crlor flags set. The VI has f]oat panel logging turned on so that the status
fron]  each frame can hc saved to disk. Each frarnc  will  have status inforination for eight scgnlcnts inc]uding  the Instrrrn]ent
1[>, the current sequence nurnbcr, the previous scqucncc nurrlbcr, error flags to inciica[c if the Reed-Solon]on code is
incorrect, if the scqucncc is not properly incrcrncntcd,  if the packet bytes were found in the Predict ‘1’able but not in the proper
place, and if the packet bytes were not found in the Predict l’able. l’hc strip cball inrlicatcs which Instrurncnt  11)’s  each of the
eight scgrncn[s  go with bu( it is not useful for data logging since only the last scgrricnt  of each frame will bc logged. Several
other pararnctcrs relating to the fran~c itself arc also indicated at the top of the front panel including tbc fran]c  count, the
nun~bcr of bits found before the PN Sync code (which should always bc zero after the first frame), the curfcnt tirnc, the actual
data rate, and finally [he pcrccnt margin assrrn]ing  a data ra[c of 2000 bits pcr second. All testing was done at tcn tin~cs the
targeted r-ate to save testing tinw.

Several utility VI’s (Figure 13) arc available to read the previously Ioggcd  data, even while logging is in progress.
Among  these arc a n]onitor  to graph any of the pararnctcrs on tbc front panel against any of the others, e.g., to plot the bit rate
against the fran]c  count; a nlonitor to indicate. lnstrun~cnt III utili?.ation in the. for-m of a bar graph; and a scrolling graph to
display ]nstrurncnt 11)’s  as a function of real tirnc.

Conclusions

With approximately eight weeks of funding over a period of three months, the visual progran]rning cffcrrt was
significantly nmr-c advancc(i,  having gone wcii beyond the original rcquirclrlcnts  ti]an the ‘(2’ cicvcioprncnt effort, wilicil  di(i
not cornplctc the original rcquirenlcnts.  The visual progran]rning  tcarn worke(i in a very interactive rnodc with the custorncr,
rnccting  frequently and actually ‘coding’ together at [hc cotnputer. At tirncs, cocling of tile t:isk w:is abca(i of the rcquir-crncnts
cliscovcry. I’hc text-based tcarn took the initial rcquircrncnts and (iici not Incct the custorncr  again until tiwir dcnlonstration at
tile end of the task.

I.ahVI1iW  was abic to pcrfornl actvanccci data anaiysis tasks sucil as [clcrnc[ry  s(r-earn crnui:ition and monitoring plus

dispiay. It provccl that it is possibic to usc visual progran]rning  for realistic prograrnnling  applications. This task succcccicd  in
convincing people in our organintion  that visual prograrnllling  can significantly rcclucc software dcvelop]ncnt  tinlc cornparcd
to text-based progran~rning.  As a result of this dcrnonstration, aciditionai  follow-on work w:is aw:irxicd to the visual
programming tcarn.

The research dcscribcd in this paper was carried out by ti]c Jet }’ropuision  1.aboratory, California Institute of Teci]no]ogy.
under a contract with the National Aeronautics and Space Arin]inistration.
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